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ABSTRACT

Examples of data from IAEA ieach tests 011 spent fuel

elements are shown that were displayed, not in the.recom-

nlended manner in the IAEA leach test: but in the manner of

the modifications of this leach test, The main difference

in the d’.splay methods is in the plotting of incremental

leach rates as a function DC cumu]aLivr timr of leaching

rather Lhall as a function of the mean time of leaching of

earh individual saml)lc. This differenrr in dis])l;ly can

Icad to wrong conclusions i f th~ disp],ay mv~hnds are not

ciirefully considered,



,.

The lefich t-at proposed by a panel of experts as~embled by the IAEA

in 1969 has been u~ecl in many laboratorie~ studying the leaching of nu-

clear waste forms(l). ln the simp]esL of terms this leach test is accom-

plished by p’laring a specified quantity of liquid in contact with a solid

of a known sutfacc area for a specified period of time, removing the

liquid for analysis, and replacin~ the liquid with a fresh batch for

the nrxL timr period. From the rc\-u]Ls of the analysis of thr liq(,i(l

onr can cfilculatr an increm(’ntal 1~’nch raLe as fOllOWR:

a,,/A
R,l = ---—Y-

(Flvjk II
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of leaching. So called “modifi~d IAEA” leach tests also plot Rn as a

function of Ztm

The difference between Flotting Rn as a function of t = tn-

. (tn-t n-1)/2 and ZL can be quite large. Figure 1 is an example of our rrsu]ls

on spent fuel leaching in water(3). We have plotted thr fraction lcachwl

154
per day cf Eu when leached from a spent fuel elemrnL under oxidizing

and somewhat reducing conditions. The fraction leached pcr day, which

is rrlat.ed to the Incremental leach rate, was ploLLed versus the cuml,l,i-

trrl days of l~nrhing in thr manner of the 1S0 or modificrl IAEA leuch

test. Note the hump in thr’lower two curvrs found at -7 to 8 diIys of

lea~hing timv, The explunfition for the hump is quitp simplr. Thr 1,1},,1
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Thus, if the “feedback” is negative in sign a short leach period w~ll

exhibit a greater incremental leach rate than will a longer period, lf

the IAEA sampling requence is fcllowed the result will be an appar-

“ant reducion in leach rate with time because of the constantly increasing
!.

leach periods. On the other hand if shorl and iong leach periods are

interspersed Lhen the apparent ieach rate will go up und down accor-

dingly if the inrremenLal l~ach rates arr plotted as a function of rumu-

lativc time,

AILhuugh il m;ly he ovorly ~irnplifled, iL is worlhwhilr to look at

wh.~t d lUJCII curvt~ would hr rxpect~rl to look likr for vcrious dissulu-

~xpumkd hy p]olling lh’ rrhull:. cm ;I lIIE Irarh rdlr vrrfjuh lug

IL,, - 1 ,,-,)/:). 11 11(’(’11:. (II III (.IIIIIII,Is Iyf,fl LII, IL 1 ih (1111 II II I”,IL
II

lIIJ” If’.llll.llll ll’lll’hlIl Ilr,rl,l,l, [1,-, Wllllll Lllvll 11!1 (hf. 11111,1( 11.11 (1’

(L,, -

1,11 111

Lilt’ 111’xt
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be8in to fall. The rate for the rapid saturation case appears to de-

crease continuously as the leach period is increased beyond the short

period required for saturation to occur while the actual rate is zero

once saturation has been achieved, The intermediate curves produce

intermediate results, Such plots are a useful test for saturation or

other feed-back effecLs, The extent of the feedback or saturation

effects can be estimated from the difference between a tim~ invariant

luauh rate and the decreasing leach rate curve found when Lhr leach
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A second mer.hod of displaying leach data recommended by the lAEA

is to plot cumulative fraction leached versus cumulative time,

Zan ~
—-. .
A. \’

versus Zt
n

Referring back to Fig. 1, thr upper two curves in the iigure show

the rumul~tive fraction plotlri! versus curnu]ative tinw in the recommenrlcd

mirnn~’rm tiulv Lht’ ch:lng(’ III slope at 7-it’) days thdt wds caused by the

two shorl tired Siilll]$l!,SHft(,r th(l longrr sample. It Illustrates that

CUlllUlilliV~ fr;lction I:: V(’l”y dqwn(l(~nt U;)(M the leir(”hlll~ 1 Im(’S and SP-

qll(’llr(’ of sflmlll ?IIg :Infl (-111) thrr(lfol-(, :Ilso hr very misl(’:idink. Conlpi+ri-

rions ca[) hr m;iflr fr(ml onr lc.d(’h trst 1(0 irnolhrr only if Lhc trsts iirc

f drril’11 0111 in iill itli’lil i(ill millllll.r illlll iii SI)W* Stnlltlllr(l S(IIIIIII III I’ , I“hls

( till tIL’ stI~IhlI ill d 111111’(’ f!til,il 11-11 111.111111.1” t)}’ I)loll ilig Ltl(, L IIIIIII]A1 IVL f I’,11 -

lil~t) lod(lI(IIl v(~rsus (lmllll:ltl~~’ l]nll’ I(II. tlI(I four dISSIII IIt iljll (IIrVIIS (II

Iiy,i II ‘1’llr’s~’ d!I’ ]11(1(11’(1 III lip, ‘), III ,I(l,lllioli, ,1 (urvt C’ is ;I(IIII,I!

1(1 C t]),lt K(lll]ll [(,!+11]1 if Sf,tr(.,il I (Iilf’ siIn!lI III!. w~II’fJ tdkfI II imnl~’{1 I .IIII I y ,1 I L (II”

tlIo wwkly HJIII]II(IS tiIIIl l]!~li)rt’ llliI m~trllllly SiInllIltBS WtJrIS (’(111[ itlll(’[1, This

Illllstl’llll’:. Itlllt 1,11’ t Ilnl[l, l) ] :! 1111 ]Illt”ll(lhl l!: $i(, )1,, l :il,lllll,lrli S! ’,1111’lllf ’ Inllsl Ill.’

,11111~.’rrli (111 Ill 1’:. s! ’11( (’, yIIII ,,111 llli)ttitl~ 1111 tlIfI S,IIII(J (IIrVII 111,11II tsslltrI-

nl[,lll!i 1“1111 Ill) 11,1’ Ill 1 11, l”(,llt I ill\\ l“,l [1,:,. SIlll(’ [Ill’ 11’,1111,1111 1: I’1’1)(’k(ll 1,,1

t’ii(’tl lr’~i!’h; llp yell !11’1’ Imllll!-l 11~ ,1 I lIIh r’llt(, (III ~1111 syst(~In ,11111 [11,1( I l(Ih

I’il (!’ 1:1 :,1,1 Ily III(- ]Illlflll ,,[ 1,,1,11 1,,,(1, 1,,111,,,{,

‘rhl’ 1/11./} If’(1111 ff’$1 (,Ill 111’ 11:,1’till I)llt [“:11”1’ Illll:it 11!’ lilkl’11 Ill (Ill’ llls-

Illtiy (Ii tllf’ I-r’sulls so 111111lll:ll}r’r irlt(’rllrrl.11 ion tIiIIIh m,ldr,



a

References—

1. E. D. Hespe, “Leach Trsling of lmmohilized Ifildiuactive haste Sblids,”
AL, Enrrgy Rev., ~ (1), 195 (1971).

2. “Draft lSO-SL;indard: Long-Term Leach Testing of Radioactive Waste
Solidification Products,” JSO/TC 85/SC 5-N211 (]97R).

3. A. E. Norris, “Status Report Concerning Empirical Fteasurements of Kiss ~n
iroduct kcleas~ from Nuclear Reactor SpenL Fuel,” oNwI/sutl/7!J/E51 1-012( ()-11 ,
,1979).



9

Captions

Fig. 1, Leach Rate and Cumulative Fiactl~n of 1S4EU Leached from
Spent Fuel Elements

Fig, 2. Hypothetical Dissolution Curves

Fig. 3. Leach Rate V~rsus t - (t - tn-1)12
n n

Fig. 4. Leach Rate Versus Mean Time and Curnulativr Time

Fig. 5. Cumulative Fraction learned
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